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Why do we fail to mount effective immune response 
to pathogens? 



Lezione 30 
Immunomodef icienze 



1 . Congenital immunodeficiency 

(detective immune cells or molecules of the immune system) 

2. Acquired immunodeficiency by Human Immunodeficiency 

Virus 

3. Pathogens can evade the immune system 

(e.g. multiple serotypes, mutations, gene conversion, hiding in 
dormant state, blocking immune response, and 
superantigens) 



Causes of primary immunodeficiencies (some are not 
even known today. ) 

1. Signaling molecules in TCR activation 

2. Key transcriptional factors of immune cells 

3. Molecules and organs for lymphocyte development 

4. Antigen presentation 

5. Phagocyte function 

6. Cytokines and co-stimulation molecules 

7. Immune celi migration and adhesion 

8. Complement 

9. DNA recombination and metabolism 

Redundancy: some defects can be compensated by other mechanisms 
(first complement deficiency found in healthy immunologists!!!) 



Laboratory tests to assess immune function 

(1 ) T celi: Enumeration (flow cytometry), functional 
assays (mitogen response, MLR, DTH skin tests) 

(2) B celi: Enumeration, circulating antibody levels 

(3) Macrophage: Enumeration, functional assays 
(nitroblue tetrazolium) 

(4) Complement: Direct measurement of complement 
components, complement hemolysis assay 



Primary immunodeficiency diseases 

Inducement: heredity % developmental defect 

Age: infancy and childhood 

Pathogenesis: the differentiation and development of 

hemopoietic stem cells 
1 % IDD characterized by humoral immunity deficiency 
2 S IDD characterized by cellular immunity deficiency 
3 % Combined immunodeficiency diseases 
4 % Nonspecific immunodeficiency diseases 
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Systemic bacterial infections 



Intracellular organlsms: 
Viruses 

Cytomegalovirus 
Vaccinia, adenovirus 
HSV, Measles 
Molluscum contagiosum 
Pyogenic bacteria 
Fungi 

Candida, Aspergillus 
Pneumocystis carinii 



Bacteria 

(catalase positive) 
Staphylococci 
Serratia marcescens 
Klebsiella, E. coli 
Burkholderia cepacia 




Bacteria 

Campylobacter 
Mycobacteria 



increased risk of 
lymphoma, 
leukemia, cancer 




Figure 33. 1 . Types of infections and risk of malignancies in immunodeficiency diseases affecting 
different defense systems (From "Essentials of Clinical Immunology", with permission). 
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IDD characterized by humoral immunity deficiency 

Features : increased susceptibility to bacteria % ente ro virus % 

intestine parasites , delayed in growth and development 
increased incidence of autoimmune disease» malignant tumor 
reduced numbers of peripheral blood B cells , absent or reduced 
levels of Ig 

Pathogenesis: the block of the differentiation and development of B cells % 
reduced function of Th cells 



Primary B celi immunodeficiencies 

(1 ) X-linked Agammaglobulinemia (Bruton's syndrome); btk 
deficiency 

(2) Common Variable Immunodeficiency (acquired 
hypogammaglobulinemia, late onset, limited deficiency) 

(3) Selective IgA deficiency (most common immunodeficiency 
disorder) 

(4) Other (minor): 

(a) Transient hypogammaglobulinemia of infancy 

(b) Selective deficiency of IgG subclasses 

(c) Immunodeficiency with hyper IgM 



Bruton's syndrome ( x-linked agammaglobulinaemia ) 
Immunological features: the absence of B cells in blood and 
IgG 

Pathogenesis: block in the differentiation and development of 

the pre-B cells 
Genetic features: x-linked recessive inheritance, males 
Clinical features: recurrent bacterial infections , some viruses (HBV) 

no Ab response to vaccination 
Treatment: inject pooled gamma globulin preparations 




X-linked 

agammaglobulinemia 

Mutation in the btk 
gene 

Bruton's 

agammaglobulinemia 
tyrosine kinase (btk). 

Failure in B celi 
development 

Males are more 
affected 



Pre-B celi Immature B celi 




B-cell 
development 
arrested 



Selective IgA deficiency : the most common 
immunodeficiency 

Sporadic and familial forms, variable inheritance (autosomal 
recessive or dominant) 

Immunological features: lack serum IgA, <50mg/L , 

decreased level of slgA 
Pathogenesis: failure in terminal differentiation of B cells 
Clinical features: recurrent infections in respiratory tract % 

alimentary canal % urogenital tract 
Treatment: breast feeding , few of them can automatically 
resumé the ability to produce IgA 



Ig immunodeficiency with increased IgM 
Immunological features : increased level of IgM , decreased 

levels of other Ig 
Pathogenesis: absent of the T celi effector CD40L , CD40L 

can not bind to CD40 of B cells , and therefore 

do not stimulate B cells to undergo Ab class 

switching 

Genetic features : x-linked recessive inheritance , boy 
Clinical features : recurrent pyogenic infections , increased 
level of IgM , decreased levels of IgA % IgG 
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Lymph node from patient with 
hyper-lgM syndrome 
(no germinai centers) 




IDD characterized by cellular immunity deficiency 

Features : increased susceptibility to intracellular microbes 

notable delay in growth and developmenU death in the early age 
increased incidence of malignant tumor 
reduced numbers of peripheral blood B cells , no reaction to 
DTH , block in the differentiation and development of the T cells 

1 ) DiGeorge syndrome (genetical thymus hypoplasia , third and 
fourth pharyngeal arch syndrome ) 

2 ) Structure and function defect of T celi surface molecules 



DiGeorge syndrome (genetical thymus hypoplasia , third and 
fourth pharyngeal arch syndrome ) 

Immunological features : absent or hypogenesis of the thymus 

Pathogenesis : deletion in chromosome 22 (T box 1 gene; 
haploinsufficient) 

Genetic features : decreased function of the cellular immunity , 
defect function of the parathyroid gland 

Clinical features : recurrent infections of intracellular 
bacteria , no DTH reaction , normal immunoglobulin 

Treatment : fetal thymic transplantation 



Combined immunodefìciency diseases 

1 ) SCID: severe combined immunodefìciency disease 

2 ) immunodefìciency diseases with enzymes defect 

3 ) immunodefìciency diseases with other severe defects 



Combined B and T celi immunodeficiencies 

(1 ) Severe Combined Immunodefìciency (SCID; a group of 
genetically determined diseases) 

(a) X-Linked combined immunodefìciency (accounts for 50-60% of 
ali SCID; defect in cytokine receptors) 

(b) Adenosine deaminase deficiency (an autosomal recessive 
SCID; accounts for -20% of ali SCID) 

(c) Other mechanisms of SCIDs: Purine nucleoside 
phosphorylase deficiency, TCR immunodefìciency, MHC class 
I or II deficiency (Bare Lymphocyte Syndrome), Omenn 
syndrome (hypomorphic mutations with a mixed syndrome) 



Periphery 


Pro-NK ^ 








"V^ ((Z)) killer celi 


z 

SCID 




Thymus 


XSCID 

Ce 


IL-7Rq 
SCID 


SCID 
CD38 
CD3-Y 
[CD3J 

Pro- <M 
Tcell 1 


MHC class 1 deficiency 

SCID immunSciency CD8 
CD45 ì ZAP-70 V -M--^ 

T P ce„ Se \(0) 
W e m i,D NA -PKj T «rA,R E y c ^f el| 
DNA Iigase4 | APECED 
RS-SCID a ITA, RFXANK, RFXS, RFXAP 


"\ (Tyj CD8 Tcell 

Y CD4Tce " 


©oc 

HSC C 


<^=(ada] 

IP Pro B celi 

M.H, \S, 
B celi d 


r__^--JÈ_ —» 

Igc Igp BLNK (J- 
ficiency B-cell deficiency 


^-cel, 


Bone marrow 





3 



15/05/2012 



A JOURNEY OF 2,755.8 MILES 
BEGINS WITH A SINGLE BOUNCE. 




LIFE ISAN ADVEN1URE. DON'T BLOW IT. 



Caused by deficiency in 
common gamma 
chain (yc) : 

The Cytokine receptor 
common gamma 
chain (yc) (or CD132) 
is a cytokine receptor 
sub-unit that is common 
to the receptor 
complexes for at least 
six different interleukin 
receptors : IL-2 , IL-4 , IL^ 
7, IL^9, IL-15 and 
interleukin-21 receptor . 



Name of deficiency 
syndrome 


Specific 
abnormality 


Immune defect 


Susceptibility 




ADA deficiency 


No T or B cells 


General 




PNP deficiency 


No T or B cells 


General 


Severe corrTrJined 
immune deficiency 

=SCID 


X-linked scià, 
7 C chain deficiency 


No T cells 


Genera WbJ 




Autosomal scià 
DNA repairdefect 


No T or B cells 


General 


JìiGetìfge^syndrome 


Thymic aplasia 


Variable numbers of 
T and B cells 


General 


MHC class I 
deficiency 


TAP mutations 


No CD8 T cells 


Chronic lung and 
skin inflammation , 


MHC class II 
deficiency 


Lack of expression of 
MHC class II 


No CD4 T cells 


General ^ 



:SCID 



>BLS 

:SCID 



Inherited immunodeficiencies: TCR signalling 



Name of deficiency 
syndrome 


Specific 
abnormality 


Immune defect 


Susceptibility 


Wiskott-Aldrich 
syndrome 


X-linked; defective 
WASP gene 


Defective anti- 
polysaccharide 
antibody and impaired T 
celi activation responses 


Encapsulated 
extracellular bacteria 


X-linked agamma- 
globulinemia 


Lossof Btk 
tyrosinekinase 


No B cells 


Extracellularbacteria, 
viruses 


X-linked 

hyper-lgM 

syndrome 


Defective 
CD40 ligand 


No isotype switching 


Extracellular bacteria 
Pneumocystis carimi 
Cryptosporidium parvum 


Common variable 
immunodeficiency 


Unknown;MHC-linked 


Defective 
IgA and IgG production 


Extracellular bacteria 


Selective IgA 


Unknown;MHC-linked 


No IgA synthesis 


Respiratory infections 



Primary phagocyte deficiencies 

(1 ) Neutropenia (severe or cyclic) 

(2) Chronic Granulomatous Disease 

(3) Leukocyte Adhesion Deficiency 



Defects in phagocytic cells: persistent bacterial infections 



Chronic granulomatous 
disease (CGD) 



Glucose-6-phosphate 
dehydrogenase (G6PD) 
deficiency 



Myeloperoxidase 
deficiency 



Cellular abnormality 



Defective NADPH 
oxidase. Phagocytes 
cannot produce 0 2 



Deficiency of 
glucose-6-phosphate 
dehydrogenase. 
Defective respiratory 



Deficiency of 
myeloperoxidase 
neutrophil granuli 
and macrophage 
lysosomes and 
impaired production of 
toxic oxygen species 



Immune defect 



Defective migration of 
phagocytes into 
infected tissues 



Impaired killing of 

phagocytosed 

bacteria 



Impaired killing of 

phagocytosed 

bacteria 



Impaired killing of 

phagocytosed 

bacteria 



Widespread infections 
with capsuiàted 
bacteria 



Chronic bacterial 
and fungal infections. 
Granulomas 



Chronic bacterial and 
fungal infections. 
Anemia is induced 
by certain agents 



Recurrent and 
persistent bacterial 
infections. 
GranulojnasT 
Sfeetson many organs 



Primary complement deficiencies 

(1) Deficiency of Complement Components 

(a) Classic pathway: C1, C4, C2, C3 

(b) Alternative pathway: Factor D, Properdin 

(c) MAC: C5, C6, C7, C8, C9 

(d) Regulator proteins: Factors H, I, C1 inhibitor 

Hereditary Angioedema (C1INH deficiency) 
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CLASSICAL PATHWAY 


MBL PATHWAY 


ALTERNATIVE PATHWAY 


C1 
C2 
C4 


Deficiency leads 
to immune-complex 
disease 


MBL 
MASP1 
MASP2 

C2 

C4 


Deficiency of MBL 
leads to bacterial 
infections, mainly in 
childhood 


Factor D 
Factor P 


Deficiency leads to 
infection with pyogenic 
bacteria and Neisseria 
spp. but no immune- 
complex disease 



P 11 D 



C3 convertase 


1 ^ 1 

C3b deposition 


C3 


Deficiency leads to infection with 
pyogenic bacteria and Neisseria spp. 
Sometimes immune-complex disease 


V 

Membrane-attack components 


C5 
C6 
C7 
C8 
C9 


Deficiency leads 
to infection with 
Neisseria spp. only 



bone marrow transpiantation is usea to correct genetic 
defects of the immune system 

SCID parients have no host versus graft disease, myeloablation not 
necessary 

High degree of HLA matching between patients and 
donors are criticai: 



1 . To prevent alloreactions causing GVHD (graft-vs- 
host disease) and graft rejection 



2. For effective presentation of antigen to donor- 
derived T cells 



h. Secondary immunodeficiencies 

(1 ) Drug or radiation-induced (steroids, other cytotoxic drugs) 

(2) AIDS (HIV target cells and immune dysfunction) 

(3) Nutritional deficiency (reduced protein, calorie, biotin, B1 2, 
Iron, Vit. A, Zinc; thymic atrophy pathologic result) 

(4) Other (postviral, chronic infection, neoplastic diseases) 



Deficiencies in the pathways of complement activation 



Disease 


Complement control 
protein deficient 
or affected 


Paroxysmal nocturnal 
hemoglobinuria 


DAF or CD59 


Factor 1 
deficiency 


Factor 1 


Atypical hemolytic 
uremie syndrome 


MCP, factor 1, 
or factor H 


Age-related macular 
degeneration 


Polymorphisms 
in factor H 


Hereditary 
angioedema 


CI inhibitor 







Hematopoietic stem celi transplant. 
One MHC allele shared 






/T\ macro^iage APC 






MH( -axb T ce||j MH( . b 






Donor cells undergo selection on 
MHC b in the recipient thymus 






mfA 












MHC b -restricted T cells can be 
activated by MHC ,xb APC, and 
recognize infected MHC b cells 
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Acquired Immunodeficiency can be caused by : 



Cause 


Mechanism 


Human immunodeficiency 
virus infection 


Depletion of CD4+ helper T cells 


Protein-calorie 
malnutrition 


Metabolic derangements inhibit 
lymphocyte maturation and function 


Irradiation and 
chemotherapy treatments 
for cancer 


Decreased bone marrow 
precursors for ali leukocytes 


Cancer metastases to 
bone marrow 


Reduced site of 
leukocyte development 


Removal of spleen 


Decreased phagocytosis 
of microbes 



Copyright ©2004. 2001 Elsevier Inc. Ali ri ghts reserve d. 
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HIV receptor and coreceptors 

■HIV receptor: CD4 

■Co-receptors: chemokine receptors CCR5 and CXCR4 

■ Macrophage-tropic virus: infects macrophages, DCs and some T cells through 
CCR5 ( early stage virus) 

■Lymphocyte or T-tropic HIV infects T cells through CXCR4 ( late stage virus) . 
■ Switch from M-tropic to T-tropic occurs in 50% of cases. 
■HIV replication requires T celi activation (NF-K(3 for virai RNA transcription) 
■gp41 is required for fusion of the virai envelope to the plasma membrane 



The life cycle of Human Immunodeficiency Virus 



Virus particle binds to CD4 
and co-receptor on T celi 


Virai envelope fuses with 
celi membrane allowing 
virai genome to 
enter the celi 


Reverse transcriptase 
copies virai RNA genomes 
into double-stranded cDNA 


Virai cDNA enters nucleus 
and is integrated 
into host DNA 


gp120 

/ virai RNA 

reverse'cT TLJjSk CD4^^^ 
transcriptase 

^^^^co-receptor 
membrane Cytoplasm 




S virai cDNA 
^^^^^mwnosomalDNA 







r^i .Ri 


tarTvpu^^^ U 1 


poi 

- 1 1 1 


1 LTR 1 



Gene 


Gene product/f unction 


gag 


Group-specific antigen 


Core proteins and matrix proteins 


poi 


Polymerase 


Reverse transcriptase, protease, and 
integrase enzymes 


env 


Envelope 


Transmembrane glycoproteins. gp120 binds 
CD4 and CCR5; gp41 is required for virus 
fusion and internalization 


tat 


Transactivator 


Positive regulator of transcription 




Regulator of virai expression 


Allows export of unspliced and partially spliced 
transcripts from nucleus 


vif 


Virai infectivity 


Affects particle infectivity 


vpr 


Virai protein R 


Transport of DNA to nucleus. Augments 
virion production. Cell-cycle arrest 




Virai protein U 


Promotes intracellular degradation of CD4 and 
enhances release of virus from celi membrane 


nef 


Negative-regulation factor 


Augments virai replication in vivo and in vitro. 
Decreases CD4, MHC class 1 and II expression 



The life cycle of Human Immunodeficiency Virus 



T-cell activation induces 
low-level transcription 


RNA transcripts are multiply 
spliced, allowing translation 
of early genes tat and rev 


Tat amplifies transcription 
of virai RNA. Rev increases 
transport of singly spliced 
or unspliced virai RNA 
to cytoplasm 


The late proteins Gag, Poi, 
and Env are translated and 
assemblee! into virus 
particles, which bud 
from the celi 


NFkb " " ~~ 
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/ — - ° Re " 
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Progression of AIDS 

1 . Infection (sexual transmission, blood, 
pregnancy and breast feeding) 

2. viremia (increase of the virus load in blood) 

3. immune response to HIV: generation of Te 
cells and antibody to HIV (seroconversion) 

4. temporary reduction of virus-infected CD4 T 
cells (due to HlV-induced apoptosis and T 
celi attack) 

5. partial recovery of CD4 T celi number 

6. graduai decrease of CD4 T celi number over 
2-15 vears (clinical latencv is a period of 
active infection and CD4 T celi renewal) 

7. AIDS (CD4 T celi count < 500) opportunistic 
infections and cancer 



et al: Cellular and Molecular Immunology, 7e. 



Graduai loss of CD4+ T cells after infection 



Infection Seroconversion 



CD4 
T cells 



a 



Depletion of CD4 T cells 



200 
0 





CD4 + PBL 
















2-6 weeks mean of -10 years 


Flu-like 
disease 

(50-80% 
ofeases) 


Asymptomatic phase 


Symptomatic 
phase 


AIDS 



■There are long-term non-progressors; some remain seronegative (have HIV- 
specific Th1 and CTL) some seroconvert but do not progress (low levels of virus) 

■Some people have mutant CCR5 thus can be resistant to HIV 




HIV evades host immune response by rapid mutation 



Immune response to HIV 


Antibodies against HIV Env 




HlV-specific CTL 








Antibodies against HIV p24 








Infectious virus in plasma 






4-8 weeks | 


2-12 years 


| 2-3 years 


1 0-1 

1 y ear 



■HIV and other retroviruses have error-prone reverse transcriptases, 
generating mutant variant viruses or quasi-species 

■Selection of mutant viruses that have lost the epitope recognized by the host 
immune system 

■Sometimes, homologous peptides of variant viruses interfere the 
presentation of the originai peptides 

■Such diversity greatly complicates vaccine development and limits the 
effectiveness of anti-viral drugs 



Immune cells involved in anti-HIV response 

Innate Immunity | Adaptive Immunity 

HIV kills CD4T cells 



Killing of HIV+ cells 




Killing of HIV+ cells 
CCL3, 4 and 5 
unknown chemokines 



Anti-HIV antibody 
Irrelevant 
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Opportunistic infections and malignancies kill HIV patients 



Infections 


Parasites 


Toxoplasma spp. 
Cryptosporidium spp. 
Leishmania spp. 
Microsporidium spp. 


Intracellular 
bacteria 


Mycobacterium tuberculosis 
Mycobacterium avium 

intracellulare 
Salmonella spp. 




Pneumocystis jirovecii 
Cryptococcus neoformans 
Candida spp. 
Histoplasma capsulatura 
Coccidioides immitis 




Herpes simplex 
Cytomegalovirus 
Herpes zoster 


Malignancies 


Kaposi's sarcoma - (HHV8) 
Non-Hodgkin's lymphoma, including 

EBV-positive Burkitt's lymphoma 
Primary lymphoma of the brain 



Combination drugs are effective in reducing HIV in patients 

HAART highly active antiretroviral therapy 
reverse transcriptase + virai protease inhibitor 



E 
1 


Deaths 


al drugs 

) 


1 






1 10 




:|i 

40 6 1 




-lì 

:i 




1994 1995 1996 1997 






However this is not complete elimination but block of new infections 



Novel therapeutic strategies 



Inhibition of 
transcriptase. 
Nucleoside analogs and 
non-nucleoside analogs 
interrupt transcription of 
virai RNA into virai cDNA 
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HIV: why is it formidable? 

•High mutability and slow progression: 

Changes in virai antigens (immune targets); 
and enzymes (drug targets) 

Generation of virai variants 

Difficult to make vaccines 

High rates of vertical and lateral transmissions 
•Targets CD4 T cells 
•One HIV drug is effective transiently. 

•Combination therapy using multiple drugs are more effective. 



Is a vaccine possible? 



• Therapeutic and prophylactic vaccination 

• Problem with prophylactic vaccines 

Type of immunity necessary for prevention (likely CD8+ T cells) 

Attenuated vaccine might recombine 

Antibodies against gp120 might prevent infection but too many 
virus clades; gp120 does not induce CTLs; not protective in humans 

DNA promising in trials in monkeys challenged with virus but then 
one monkey developed AIDS for a mutated virus not recognized by 
CTL 

Nef, Gag, Poi vaccine induced CTLs in human volunteers but did not 
protect from infections 

Ethical concerns (need for high rate of infection to test vaccine) 
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